Section S1 DFT Average Voltages.
The lowest energy structures were geometry optimized until the forces were less than 0.01 eVA ̊ −1 using a 900 eV plane-wave basis set and a 2π × 0.04 A ̊ −1 ( 
Section S3 Dispersion Corrections
A well-known failure of common local and semi-local exchange-correlation functionals, including PBE, is their in-ability to represent long-range van der Waals interactions which play an important part in bonding layered compounds such as MoS 2 . Using PBE we calculated the c-axis of the conventional cell to be 14. . Re-optimizing using the TS dispersion correction, formed a denser 4.92 g/cm −3 phase.
By only applying the SEDC to the Mo and S atoms a better agreement with experiment was obtained over the full lithiated range. In this case the previously known P1 symmetry LiMoS 2 phase had a density of 4.6 g/cm −3 , in good agreement with experiment.
Dispersion corrections were not applied to any structure on the convex hull or in the subsequent voltage calculations for the reasons outlined above: first, it is more important to have accurate formation energies than structural volumes when calculating the stable phases; second, dispersion corrections must be applied to all structure on the hull diagram, including the metallic phases and bulk lithium itself, in order for energy differences to be comparable: and third, dispersion corrections are known to be inaccurate for the small simulation cells used in this study. Fig S1: Densities of low-energy LiMoS 2 structures. Black circles are calculated using DFT-PBE and red diamonds are re-geometry optimized using DFT-PBE including TS semiempirical dispersion corrections. The green squares are the experimental densities for previously synthesized phases. The structures optimized using the TS scheme are universally denser across the entire stoichiometry range. For the phases with experimentally measured densities PBE performs better than TS in each case, and TS fails catastrophically for Li metal. 
